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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. Claims 1-11 & 15-17 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Yoshikawa (US Patent 6,335,554) and Kawahara et al. (US PGPub 
2003/0142550). 

Claim 1 : Yoshikawa teaches a nonvolatile semiconductor storage element 
comprising (FIG. 2A): 

a semiconductor substrate having a source region (10,11), a drain region (10,11) 
and an intermediate channel region; 

a control layer (3) on a first portion of the channel region and insulated therefrom 
by a first insulating layer (2); 

a charge storage layer (6) on a second section portion of the channel region and 
insulated therefrom by a second insulating layer (5); 

a programming layer (8) on the charge storage layer (6) and insulated therefrom 
by a third insulating layer (7); and 

an interconnect layer (12), wherein the second portion of the channel region has 
a source side and a drain side; 
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wherein the charge storage layer (6) has a source side charge storage layer and 
a drain side charge storage layer, 

wherein the programming layer (8) has a source side programming layer and a 
drain side programming layer; and wherein the interconnect layer (12) has a source side 
interconnect layer and a drain side interconnect layer. 

Yoshikawa does not teach the interconnect layer electrically connects the 
programming layer to the source region or drain region and the source side interconnect 
layer electrically connecting the source side programming layer to the source region and 
the drain side interconnect layer electrically connecting the drain side programming 
layer to the drain region. Kawahara et a\. teaches an interconnect layer (M1a) that 
electrically connects the programming layer to the source region or the drain region and 
the source side interconnect layer (M1a) electrically connecting the source side 
programming layer to the source region (LVSD) and the drain side interconnect layer 
(M1 b) electrically connecting the drain side programming layer to the drain region 
(HVSD) in a nonvolatile memory device to increase operating speed at a lower voltage 
(Abs; FIG. 6,8). Therefore it would have been obvious to one of ordinary skill in the art 
at the time the invention was made to have modified the device taught by Yoshikawa to 
have the source/drain side interconnects electrically connect the source/drain side 
programming layers to the source/drain regions to increase operating speed at a lower 
voltage as taught by Kawahara (Abs; FIG. 6,8). 

Claim 2: Yoshikawa teaches the charge storage layer comprises an electrically 
nonconductive layer (Col. 6 lines 20-45). 
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Claim 3: Yoshikawa and Kawahara teach the first and second insulating layers 
comprise Si0 2 . 

Claim 4: Yoshikawa and Kawahara teach the charge storage layer exhibits 
comprises one of an Si 3 N 4 , Hf0 2 or Zr0 2 layer. 

Claim 5: Yoshikawa teaches the control layer, the programming layer and the 
interconnect layer comprise doped polysilicon (Col. 7). 

Claim 6: Yoshikawa teaches a method for producing a nonvolatile 
semiconductor storage element comprising the steps of (FIG. 3A-3E): 

a) preparing a semiconductor substrate having a surface (FIG. 3A; Col 7 lines 
35-40); 

b) forming a first insulating layer on the surface of the semiconductor substrate 
(FIG. 3A; Col 7 lines 35-40); 

c) forming and patterning a control layer on the surface of the first insulating layer 
(FIG. 3A; Col 7 lines 35-40) 

d) forming a sequence of layers including a second insulating layer, a charge 
storage layer and a third insulating layer on the surface of the semiconductor substrate 
and the patterned control layer (FIG. 3B) 

e) forming and patterning a programming layer on the third insulating layer on the 
side walls of the patterned control layer (FIG. 3C) 

f) forming source regions and drain regions in the semiconductor substrate using 
the patterned programming layer and the patterned control layer as a mask (FIG. 3D); 
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g) patterning the third insulating layer, the charge storage layer, and the second 
insulating layer using the patterned programming layer as a mask (Col. 7-8); 

h) forming a fourth insulating layer on the surface of the semiconductor substrate, 
the patterned programming layer and the patterned control layer; 

i) exposing interconnect areas 

Yoshikawa does not teach: i) exposing interconnect areas in at least portions of 
the patterned programming layer, the source region and the drain region; and j) forming 
an electrically conductive interconnect layer in the interconnect areas that contact the 
programming layer overlying the source region and overlying the drain region. 

Kawahara teaches the following steps as part of manufacturing a non-volatile 
memory device (FIG. 6; [0152-0154]): i) exposing interconnect areas in at least portions 
of the patterned programming layer, the source region and the drain region; and j) 
forming an electrically conductive interconnect layer in the interconnect areas that 
contact the programming layer overlying the source region and overlying the drain 
region. Therefore it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have modified the method taught by Yoshikawa to 
include the steps above to complete the non-volatile memory device as is known in the 
art as taught by Kawahara (FIG. 6; [0152-0154]). 

Claim 7: Yoshikawa teaches forming the first insulating layer comprises forming 
a gate dielectric layer (Col. 7). 
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Claim 8: Yoshikawa teaches wherein forming a control layer comprises forming 
a first polysilicon layer (Col. 7). 

Claim 9: Yoshikawa teaches wherein forming a sequence of layers comprises 
forming an oxide layer, a nitride layer, and an oxide layer (Col. 6). 

Claim 10: Yoshikawa teaches wherein depositing and patterning programming 
layer comprises depositing a polysilicon layer and patterning the polysilicon layer to 
form sidewall spacers on the control layer (FIG. 3C). 

Claim 1 1 : Yoshikawa teaches forming source regions and drain regions 
comprises ion implantation and a thermal post-treatment for diffusing-out and activating 
the source and drain regions (Col. 7-8). 

Claim 15: Kawahara [0090] and Yoshikawa (FIG. 2B) each teach the method for 
writing an information item into a nonvolatile semiconductor storage element configured 
according to Claim 1 comprising the following steps: 

a) applying a first positive write voltage to the source side interconnect layer; 

b) applying a second positive write voltage, which is much higher than the first 
positive write voltage, to the drain side interconnect layer; and 

c) applying a third positive write voltage, which is slightly higher than an RMS 
threshold voltage of a respective inner transistor, to the control layer for generating an 
SSI condition. 

Claim 16: Yoshikawa teaches a method for erasing an information item in a 
nonvolatile semiconductor storage element configured according to Claim 1, comprising 
the steps of (FIG. 2C): 
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a) applying a floating potential to the source side interconnect layer 

b) applying a high first erase voltage to the drain side interconnect layer; and 

c) applying a second erase voltage, which is lower than an RMS threshold 
voltage of a respective inner transistor, to the control layer for generating an avalanche 
effect condition. 

Claim 17: Kawahara teaches a method for reading an information item in a 
nonvolatile semiconductor storage element configured according to Claim 1, comprising 
the steps of [0092]: 

a) applying a first positive read voltage to the source side interconnect layer; 

b) applying a second read voltage, which is sufficiently smaller than the first read 
voltage, to the drain side interconnect layer; and 

c) applying a third read voltage, which has a magnitude similar to the first read 
voltage, to the control layer for generating a reverse readout. 

3. Claims 1 2-1 3 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Yoshikawa (US Patent 6,335,554) and Kawahara et al. (US PGPub 2003/0142550) as 
applied to claim 6 above, and further in view of Liu et al. (US Patent 6,627,500) 

Regarding claim 12, as described above, Yoshikawa and Kawahara substantially 
read on the invention as claimed, and Yoshikawa teaches further comprising 
anisotropically dry etching the sequence of layers (Col. 7-8). Yoshikawa and Kawahara 
do not teach isotropically etching-back at least the charge storage layer to form charge 
storage layer recesses. Liu teaches isotropically etching-back at least the charge 
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storage layer to form charge storage layer recesses (FIG. 2C) to improve device 
performance (Col. 2). Therefore it would have been obvious to one of ordinary skill in 
the art at the time the invention was made to have modified the method taught by 
Yoshikawa and Kawahara to etch the charge storage layer to form a recess to improve 
device performance as taught by Liu (FIG. 2C; Col. 2). 

Claim 13: Liu teaches forming a fourth insulating layer comprises depositing an 
oxide deposition is performed for filling up to fill the charge storage layer recesses (Col. 
3-4). 

4. Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Yoshikawa (US Patent 6,335,554) and Kawahara et al. (US PGPub 2003/0142550) as 
applied to claim 6 above, and further in view of Gonzalez et al. (US Patent 6,178,113) 

Regarding claim 14, as described above, Yoshikawa and Kawahara substantially 
read on the invention as claimed, except Yoshikawa and Kawahara do not teach 
forming an electrically conductive interconnect layer comprises depositing and 
planarizing a third polysilicon layer. Gonzalez teaches forming an electrically 
conductive interconnect layer comprises depositing and planarizing a third polysilicon 
layer to form source/drain contacts in a memory cell (Col. 9). Therefore it would have 
been obvious to one of ordinary skill in the art at the time the invention was made to 
have modified the method taught by Yoshikawa and Kawahara to form the interconnect 
layer as is known in the art to do as taught by Gonzalez (Col. 9). 
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Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SARAH K. SALERNO whose telephone number is 
(571)270-1266. The examiner can normally be reached on M-F 8:00-4:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Wael Fahmy can be reached on (571) 272-1705. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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Primary Examiner, Art Unit 2814 



